The effect of graded hypoxia on the hippocampal slice: an in vitro model of the ischemic penumbra.
Submerged hippocampal slices were exposed to 30 minutes of moderate or mild hypoxia at 29 degrees C and then reoxygenated. Synaptic transmission was lost at the same rate in response to either grade of hypoxia, but recovery was faster following mild hypoxia. Hyperexcitability of synaptic transmission was a lasting feature following moderate hypoxia, but it was transient following mild hypoxia; after mild hypoxia the strength of synaptic transmission eventually returned to normal. Extracellular calcium did not change during moderate hypoxia. The extracellular pH of slices was always more acid than the bath; pH decreased further in response to both moderate and mild hypoxia. Extracellular potassium increased more during moderate than during mild hypoxia, and a period of rapid potassium uptake was also more pronounced following moderate hypoxia. Extracellular DC potential demonstrated a small positive shift during hypoxia, more so during mild hypoxia. These experiments suggest that synaptic function can be reversibly suppressed in mildly hypoxic brain tissue without severe depolarization of neurons; in addition, the degree and duration of posthypoxic hyperexcitability are correlated with the degree of hypoxia and the magnitude of the release of K+ from cells into their environment.